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SOME INSECTS INJURIOUS TO THE APPLE. 
LEPIDOPTERA, 

The Codling Moth, Carpocapsa pomonella L* 

Introduction: 

Although the writer has made some obeervatione on 
the oodling moth, thifl paper doee not assume to present original 
work, but is a review of the available literature on the subject* 
On many points connected with tfe life history and control of this 
insect, the results of investigators substantially agree; on many 
others there are wide discrepancies. It may be worth while, 
therefore, to collect the final results of the many experiments 
in thts field, weigh them according to their relative value, said 
from them endeavor to arrive at some general conclusions. When 
an investigator publishes his records he does not simply present 
his conclusions, but includes the data* So in this thesis an 
effort has been made to submit in as convenient form as possible 
the results on which the conclusions are based. 

Importance: 

The codling moth is the most important insect pest 
of fruits, both in degree and extent of injury. (38). C. B. 
Simpson estimates that one-forth to one-half of the apple crop 
in the United States is Injured every year, (33), and C. L. 
Marlatt estimates a loss of from twenty to forty per cent, of 
the fruit which would otherwise be scund and merchantable, or at 
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2 
least $11,400,000.00, In addition to ?8, 000, 000*00 expended for 

control. (38) • 

Fruits Attacked: 

The apple is the crop "by far the most injured* 
Pear orohaxds are sometimes seriously infested, especially in 
the neighborhood of a badly neglected orohaxd which is not bear- 
ing enough apples to satisfy the crop of larvae. Simpson writes 
of reports which show that peaches, plums, cherries, quinces and 
apricots are attacked, but under ordinary conditions their injury 
amounts to almost ncthing. (33). S. E. Foster presents inter- 
esting evidence which shows conclusively that the English walnut 
is in some sections quite generally, though lightly, infested. 
(53). 

Simpson has noted that some varieties of apples 
are more subject to the attacks of the moth than others, and pre- 
pared a list showing their relative susceptibility*. (32). 

Pewaukee (always badly infested). 

Red Astrakan. 

Bellflower varieties. 

?pitzenburg. 

Grimes Golden, Northern Spy, Gravenstein, 

Wealthy. 

Baldwin. 

Ben Davis (very variable). 

Rome Beauty (variable). 

Johnathan. 

"^inesap (always least infested). 
It appears that the earlier apples are among the 

first on the list. Simpson has suggested that thS^^ife^r^ref e^l^^ 
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3 
the earlier varieties, beoause they are riper and more fragrant 

at the time of attack. It is probable, that although the insect 

has preferences, it would not disdain a greener apple, if no 

other could be had. 

Daicription: 

In 1758, Linnaeus gave the insect the specific 

\\ 
name of pomonella , and described it as follows: Alis nebulosis 

postioe macula rubra aurea. (4), Its generic plauje has been 

the subject of controversy, but the genus Carpocarsa and species 

pomonella was sanctioned by August Busck, of the United States 

Department of Agriculture, in 1903, after his investigations, 

and this name has been accepted by practically all authorities, 

(33). 

Kellog describes the moth as having "fore wings 
marked with alternate, irregular, transverse, wavy streaiks of 
ask gray euid brown, with a laxge tawny spot on the inner hind 
angle, and hind wings and abdomen light yellowish brown with a 
satiny luster*'. (43) 

History and Distribution: 

The original home of the insect was doubtless south- 
ern Europe, but it is now known almost the whole world over. (,55), 
When the eaxliest discussions of its work in the United States 
were written it was already quite well distributed. For a long 
time its injury was thought to be due to the plum curculio, and 
this may be the cause of the cbeourity of its early American 
history. In 1819, the codling moth was reared from wormy apples 
by Burrell. (33). Its history ar.d distribution are practically 
the history and distribution of the apple. Cato mentions its 
work in his treatise on agriculture, written nea^itl^dS^cforiQQQlC 
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and from 1635 when Gcedaerdt first published an aooo-ont of it, 

(l), until tho present day almost every entomologist has studied 

it and written about it, 

Thile some regions are doubtless less favorable 
there is no region where apples are grown which has proven immune 
to its depredations. In most of the districts which have at 
various times been reporte:1 as free from the pest it ha^j since be- 
come troublesome, showing that isolation had been their only de- 
fense. It spreads so readily with infested fruit, in cracks of 
boxes or barrels, or even in freight caxa, that its introduction 
into a new territory seems only a matter of time. 
Life History: 

Emergence of overwintering moths and egg stage. 

In the spring the pupa emerge as moths and shortly 
sifter the eggs axe deposited singly. The egg Is a flat some- 
what oval-shaped object with a flange around it. It varies in 
size from ,C6 mm, to 1mm. by 1.17 to 1.32 mm. Commonly speaking 
it iB about the size of a pin head. The surface is covered with 
a network of ridges which are much closer together toward the cen- 
tral portion than around the edge. (33) • When first laid it is 
a pearly-white color. Later there appears upon it a faint red 
ring, marking the position of the forming embryo. A day later 
this ring becomes more distant, and disappears, and in its stead 
there is a dark central spot, produced by the black head and cer- 
cical shield of the embryo. When the larva leaves the egg the 
remaining shell ajppears like a fresh egg, except that it is very 
flat, and along one side the slit from which the larva made its 
exit can usually be seen. (30). 

The early writers stated that the eggs were laip^ 
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5 
in the stem end or in or about the calyx end of the apple. They 

had never seen the egg, but reached this ooncluaicn because of 
the position of the entrance holes of the larvae • '^In 1889, 
Koebele & Weir stated that the eggs are laid at suay point upon 
the apple, and are/ae a rule, laid elsewhere than within the calyx,. 
T^ashburn, in 1892, found that the eggs were placed on both sides 
and top of the fruit .^ (17) • In the spring of 1823, Slingerland 
reported that in confinement the moths laid eggs on the sides of 
the cages, on the leaves, and on the bark. (S3). Card, in 1897, 
found that the eggs were laid almost exclusively upon the upper 
surface of the leaves. (24), Sanderson writes: •'The eggs are 
laid on the fruit in this locality. An examination of about 
seven hundred eggs in the orchard shows that they are on the up- 
per and under side of the leaves, but that on some varieties 
there are a larger number on the upper side, and on others more on 
the under surface. '^ (43). Professor Cooley observes eggs on both 
leaves and fruit, with the prepondereuace throughout the season on 
the fruits. (34). 

The diversity of evidence in these reports may be 
due to the fact that observations were made upon different gener- 
ations. Professor Cordley suggests, that the mojith does not lay 
eggs upon the young fruit because of the pubescence which is after- 
wards lost. (32). C. B. Simpson, after considering the experi- 
ments of others, and his own work in Idaho, inclines towajrd Pro- 
fessor Cordley 1 6 explanation, and concludes that ^the eggs of the 
first generation are for the most part laid upon the leaves, while 
the majority of those of the second brood may be found upon the 

fruit.'' (32). 

r^ ^T^ 

Many writers have stated that the oviposition oc- 
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cure at night. The only reports of persons, who have actually seen 

the operation, place it during the early afternoon or early even- 
Ing. Professor P. A. Ccoley saw a moth deposit an egg in Miss- 
oula on October 4th, at five-forty ?. II. (34) • C. B. Simpson ob- 
serves that the ovipooitlon for the most paxt Is accomplished in 
the afternoon or esirly evening, only one being observed during 
the forenoon^ (32). 

Owing to the great difficulty in making observa- 
tions, there is very little definite information on the number of 
eggs laid by one female. The following data has been secured; 

TABLE •'A^. 



DATA ON A NUMBER OF EGGS. 
Authority, Observations^. References, 

Le Baron. Average of 5o eggs in ovary of female 

at time of emergence, and adds, that if 

all undeveloped eggs came to maturity 

this number must be incrervsed. (33) • 

Cooke, Matt. One moth laid 85 eggs in a vial. (33) • 

Simpson, C. B. 31 eggs before moth escaped from vial. 

35 eggs before moth was killed by spider, (33). 

Gillette, C. P. Eggs laid in confinement varied between 

3 and 50. (30). 

Hammer. Maximum number 91, average 35,8 (6 months). (57). 

Judging these statistics with reference to their 
relative value, a ro\igh estimate of forty eggs for each female 
might be deduced. 

Table "B** shows that the weight of authority 
places the period of incubation .at about eight days. Jones and 
Davidson plsuse the average at over twelve days, but their entire 
life cycle is longer than that determined by ether workers • 
Cooley's data on incubation is for one egg only. The observation 
of Jenne, it \vill be noted, are at variance with the above coni- 
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clueione. He records the remarkable varlatiorx of frorc less than 

five to twenty-one days in the Incubation period. The eggs re- 
quiring the longer periods were subjected to very cool weather, 
including frost. The eggs laid after the advent of warm weather 
required a period similar to that observed by other investigators, 
l^hile these observations do not seem extensive enou^li to v:arrant 
any general conclusions, they are suggestive of the influence of 
climatic conditions on the development of insects, which, as will 
be discussed later, has a practical bearing on control. 

Figures on the appearance of the red ring and 
black spot, though reported from only three workers, are the re- 
sult of extensive observations. There seems to be a unanimity 
of evidence that the red ring appears in about 2.5 days and we 
csui place the appearance of the black spot at 5 days after ovipon- 
ition, although here again Jones and ravid'ecn make a higher esti- 
mate. 

Hammer found the average length of life of the 
winter brood moth to be 9,44 days, (57), Jones and Davidson 9.19 
days, (63), and Washburn places it at 10 to 15 days, (17), 
Larva: 

From the standpoints of distribution, injury and 
control, the larval is the meet interestins stage in the life 
history of this moth. 

The writer has seen no laxvae immediately after 
they had hatched, but found very young ones about 2mm. in length. 
They are a dull, rather transparent, whitish color, with a black 
heEul, black cervical shield and black anal shield. it some*rhat 
resembles the plum curculic, but a hand lens will quickly reveal 
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the distlngulehlng legs (three pairs of true legs, and five pairs 

of false or prolegs), and on the body the few short hairs arising 
from small, sometimes quite distinct dark dots* 

The orohardist is much concerned with what the 
youngster does during the short time which elapses before he 
enters the apple. Simpson writes: ''When hatched upon the leaves 
they may not find an apple for some time, and may subsist by eat- 
ing small portions of the leaves. In confinement this often oc- 
cixrs, but it has never been determined accurately how often it 
takes place in the field. The writer has time and again noticed 
these spots on the leaves in the field, and has noticed also that 
larvae hatched on leaves would have to go from ten to twenty feet 
before they could find an apple. '^ (32). Sanderson reports that, 
••The average distance of 588 eggs from the nearest apples on three 
trees in 1907 was Q^ inches, while the average distance from the 
apples of 744 eggs on six trees during the past two years was nine 
Inches, the average distance of eggs on each tree varying from two 
inches to twenty-eight inches. Eggs are quite commonly laid sev- 
eral feet from the apple, and indeed are quite commonly laid upon 
trees with no fruit at all.** (43). "?he young larvae feeds on 
the under surface of the leaves, mining into the mid-ribs and ajcils 
of the veins branching from the mid-rib and axils of the leaves." 
(43). These and other reliable observations establish the the- 
ory that the larvae travel considerable distances and feed to some 
extent on the leaves, but the fact that in thousands of orchards, 
sprays which have not reached the calyx cup have been economical- 
ly unsuccessful, is an experiment on a vast scale which establish- 
es with greater definiteness the fact that the leaf feeding is of 
very minor importance. It also seems strong ev^^jyji^y^h^^iij^ 
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by the calyx that most of laxvaemaike their entrance* As this 

question of the mode of entrance is the keystone of the comirion 
control methods, it is worth consideration, Slingerland writes 
that, '»75f' or more of the young worms enter the fruit at the blos- 
som end, and our observations indicate that they spend several 
days feeding around the calyx cavity. '^ "Most of the young worms 
enter the fruit in the spring or early suinnisr at the blossom-end. 
They either crawl between the calyx lobes or tunnel into the 
oalyx-cavity at the point where the lobes join the surface of the 
fruit, ** (28). Gillette finds that out of 536 wormy apples ex- 
amined 80f! had holes at the blossom end. (43) Cooley reports 
83^ of first brood entering by calyx end. (34). Card writes: 
"Observations riinning through two seasons indicate that about 
80^ of the larvae hatched in the orchard have entered at that 
point" (the calyx cup). (25). The writer, in June, 1913, found 
only 22fc of infested apples examined in Madison, Wisconsin, at- 
tacked at the calyx end. The above citations, with the exception 
of the last, show so striking an agreement of results, that we may 
safely assume that about 80^ of the first brood of larvae enter 
by the calyx end. There is less evidence in regard to the place 
of entrance of the second generation, but Simpson states that it 
is for the most part on the sides of the fruit. Countings on 
1,478 apples in September, 1903, showed only 37f, entered by the 
calyx end, and Simpson estimates th&t fully 50^ of the larvae 
entering at the sides enter where the fruits touch. (33). 

Simpson has accurately described the work of the 
larvae in the fruit. After spinning a web over the hole the 
larva- eats out a cavity under the skin and threes out but lit- 
tle castings. "This mine is eaten ou!;vards ^ rom pjl^]^jfgj^^(5lQ(^Q}^^ 
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trance, and in frora three to five days the larva begins its tun- 
nel toward the center of the fruit, reaching that point when about 
one- quarter* grown and about a week old." (32). 

"While at the surface, or while tunneling toward 
the center of the apple, the larva pushes the excrement and frass 
through the entrance hole* ^ater the entrance hole, especially 
at the calyx end, is enlarged, and a considerable amount of frass 
thrown out. When a considerable cavity has been made in the in- 
terior of the apples the excrement is bound together with silk. 
Upon reaching the central portion of the fruit the laxva eats cut 
an irregular cavity about the core, and seems especially pajrtial 
to the seeds." (33) . 

The writer has found the full grown larva to be 
fifteen to twenty mm, long ajid usually of a pinkish color, espec- 
ially on the dorsal side* 

"When about full grown the laxva malBs a passage- 
way to the outside of the fruit* This is usually towards the 
side of the apple, in a different direction from that of the en- 
trance hole. Rarely dees the exit passage follow along or con- 
sist of the enlarged entrance passage. Before the larva has 
passed outside, the outer portion of the passage is filled with a 
block of frass, or a cap of silk is spun over the hole," (32), 

"When ready to leave the fruit the larva pushes 
out this block or tears away the cap of silk, crawls out on the 
surface of the apple, and immediately seeks a place in which to 
spin a cocoon." (33), 

The injury of the larva to the fruit varies with 

the variety of the fruit and the brood of the insect. The "June 

r^ ^T^ 

drop" is the U8\ial result of the feasting of the first brood, and 
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many windfalls of later summer can blame the codling moth of the 
second brood as much as the wind for their downfall* Often the 
fruit remains on the tree and is picked for market, but if the 
lairva has actually entered, it is useless for anything but cider* 
Indeed it is worse than useless, for if stored with other apples 
it soon rots, and becomes a source of contamination to the other 
fruit. 

The number of stages through which the larvae pass 
is of Interest to the scientist, rather than the orchardist^ 
After very careful experiments, Jenne found several instaxs, (46), 
Hammer six, (57), Simpson'f ive, (32), and some other variations 
are recorded* After considering the localities in which the in- 
vestigators worked, there seems reason to believe that this is an- 
other of the fewtors influenced by climatic conditions* Molting 
is aji arrangement for growth, and rapidity and eunount of growth 
might easily be influenced by climate. Jenne, with the largest 
number of ins tare, worked in the south; Hammer, with six, in 
Michigan; and Simpson, with five, in the northwest where the 
seasons are short and the nights cool throughout the summer. 

In estimating the time spent by the larva in the 
fruit, and the period of pupation, rather than basing conclusions 
by striking an average between the wide variations recorded in 
the chart, it seems more satisfactory to accept the figures of 
Hammer, (57), Gillette, (30) , Simpson (33), and Slingerland, (23), 
who have done very aaraful work on the life history in the four 
important apple sections, Michigan, Colorado, the Northwest and 
New York, and who agree in placing the feeding period at about 
nineteen days, and the cocoon stage at about eighteen days. 

Digitized by V^UOQIC 



Digitized by 



Google 



12 
Coooon: 

The coooon may be found in any protected 3pot, as 

in holes or cracks in the tree, under rough bark, or in cracks in 

the ground around the tree. If conditions about the trees axe 

unfavorable, or if the fruit, or later the emerged larva, fall to 

CO 

the ground, the ^ooon is spun in fence posts, in piles of rubbish, 
under clods of eaxth, or in the fruit (in a few recorded instancesA 
The cracks and singles of packing houses, and boxes or barrels used 
for storage are common refuges for the pupating insect. 

Simpson writes: "When a suitable place has been 
found for the spinning of a coooon the larva begins to weave a- 
bout itself a single thread of silk^ The exterior outline of 
the coooon conforms to that of the cavity or crack in which it is 
placed. TThile spinning the larva is bent upon itself and de- 
creases considerably in size. When the cocoon is completed, which 
takes usually about one day, the larva straightens out and con- 
tracts in length. While the exterior of the ooooon may be roiigh, 
the interior is always smooth and oval in shape. At completion 
of the spinning of the cocoon the alimentary canal, silk glands, 
and other organs peculiar to the larva, begin to disintegrate. ** 
(33), 

The summer cocoon is larger and more primitive 
thaji the winter cocoon which is completely sealed, and consists 
of heavy walls for protection. 7?hen not limited by the surround- 
ings they tend to be oval, but usually the larva is forced to con- 
form his work to the limited space. 

H8unmerwrite3:*A slight depression is made in the 
bark, the walls along the exposed sides aire constructed from frag- 
ments of bark held in place by silken threads, and9dt)|iLrinsldreT.s 
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finally lined with a thin layer of silk* Within the small space 

of the ooooon the Isurva will be found in a doubled up position. 
In the spring previous to pupation, the winter ooooon is partly 
remodled by the larva, and provision is made for the issuing moth 
by the addition of new fragments of bark. Depending upon the 
location of the ooooon the exit tube varies in length from ^ to 
over 1 inch. The purpose of the tube must be to provide a safe 
exit at the critical period of the emergence of the moth. With- 
in the cocoon over the opening to the exit is placed a thin sheet 
of silk which is ruptured by the pupa at the time it v;riggles out 
to give issuance to the moth.** (57), The larvae of the first 
brood also make their cocoon with an exit tube. 

Slingerland states that, •'After the pupa has thrust 
itself out of the cocoon, the pupal skin splits down the back, 
etnd the moth forces its way out by splitting away the head end of 
the skin.*' The adult is seldom observed because of its color 
protection, and even when disturbed flies so quickly and erratical- 
ly that it is soon lost eimong the foliage. (33). 

Number of Generations: 

The second generation inflicts more damage 
than the early onr; First, because they are more nuraerousi and 
secondly, because the fruit is more mature, artificial thinning 
has been comjjleted and injured fruit la a clear loss. It is, 
therefore, valuable to ascertain the number of generations in a 
given locality. 
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Authority^ P.eferenoa. Lccallty. 



No. Broodg, 



Zone. 



Colling, 
Goedaerdt, 

Pissot, 

Raemur, 

Atkins, 

Gillette, 

Ccoley, 

Koebele, 

Semderson, 
Heunmer, 
Jones and 
Davideon, 

Fletcher, 

Fletcher, 

Cordley, 

Washburn , 

Smith, 

Ssuaderson, 

Trimble, 

Le Baron, 

Riley, 

Pope no e and 

Marlatt, 

Gillette, 

Walton, 

Pilry, 

Icelander, 

Aldrioh 
Card, 
Jenne , 
Coquillett, 
Cockerell, 



53 England, 

1 Northern Europe, 

3 Northern Europe, 

14 Southern Europe, 

33 Southern Europe, 
35 Maine, 

30 Colorado, 

34 Montana, 

13 Santa Cruez 
Uts*, Cal., 

43 New Hampshire, 

57 Michigan, 

63 Santa Clara Val- 
ley, Cal., 

33 Ottawa, C£.na.da, 

33 Ohio, 

39 Corcvallis, Ore*^ 

17 Cornvallis, 

30 New York, 
33 Delaware 

6 New Jersey, 

9 Northern 111., 

33 L!ie80uri, 

13 Kansas , 

15 Iowa, 
33 Iowa, 

18 Maryland, 

53 WdsMngton 

31 Lewiston, Idaho, 

35 Nebraska, 
46 Ark ana ae 

17 California, 

31 Meailla Park, 



1 

Unindicated, 
3 Indicated, 
3 Indicated, 

1^ 
3 

2 



Trans it ionc'A,!. 
Transitional, 
Traneitional. 



3^ Transitional, 

3 Indicated, Transitional • 
3 Transitional* 



3 
1 
3 

3 
4 
1 

li 
3 

3 

3 



Transitional. 
Boreal* 
Tranoitional, 
Trans it ional* 
Transitional* 
Upper Austral. 
Upper AufltraL 
Upper Austral 
Upper Austral. 
Upper Austral. 



3 Upper Austral. 

3 Upper Austral. 

3 Upper Austral. 

3 Indicated, ^Jpper Auotral 
si In a narrow 

axm of U. A. 
3^ Upper Austral, 

3 Upper Austral. 

3 Upper Austral. 

3 T, U.A.i L. A. 

3 Lower Austral 
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Table •'C" shows the results of a number of investi- 
gations in the number* The milder distriote would be found to 
produce most abundantly, and this is evidently the case. It has 
been suggested that there might be a relation between the number 
of generations and the ''Life Zones'' of the Biological Survey 
mapped cut by Jjlerriam. (37). To throw light on thin phase of 
the question the localities in the United States from which re- 
ports are tabulated have been arranged by zones* The table in- 
dioates that there is one brood in the Bo3;al, and two throughout 
the Transitional and most of the Upper Austral, with a third, or 
at least a partial third, in some parts of the Upper .^ustral and 
lower Austral. The only striking variations are the conclusions 
of Smith in New Jersey, whose figure is thrown in doubt by contra- 
dictory results secured by other investigators in the same region, 
and evidence of Washburn of Oregon, who, there is reason to believe, 
means not four generations but four broods, and but two complete 
generations* 

This question of the number of generations is still 
much in dispute, but we can certainly assume that there are two 
distinct generations throughout the principal apple growing dis- 
tricts of the United States, and that a third generation, if pres- 
ent at all, does not materially affect practical control methods* 
Summary of the Life History: 

If we correlate the conclusions deduced from the 
evidence presented in this paper, we find the life cycle of the 
codling moth to be divided approximately as follows: Incubation 
period 8 days; feeding period 19 days; entire cocoon stage 18 
days; time from the emergence of the moth to the egg laying per- 
iod 6 days; making a total of 51 days. Gillett8%^J^yCoJor?d§ 
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estimates 49 days, (30), Hammer of Jvlichigan determined an average 

of 51,6 days in 1910, and 51.1 in 1911, (51), Simpson figures 

on 55 to 58 for the Northwest. (33) • Thus a total of 51 days is 

doubtless within a few days of the truth. 

Throughout the discussion no definite dates have 
been set for the ocourance of the stages in the life history. 
A glance at Table "B** will make the reasons for this evident. 
Tmergence of the spring moths has been reported from March 24th 
to June 24th, and the later stages show even greater variations. 
It is clear that not eVen approximate dates can be set which will 
be true for all climatic conditions. Professor J. G. Sanders 
has suggested the value of relating the periods in the cycle of 
the insect with some easily observed seasonal developn:ent of a 
plant. The data collected in the paper points cleeirly to the 
influence of environment on the various phases of the moths life 
history, and it is reasonable to suppose that conditions of moist- 
ure, temperature, etc,, which apparently hasten or retard plant 
growth, will govern the progress of the insect in some related 
way. With this in mind, the available literature has been re- 
viewed to secure pertinent data. 

Hammer writes that in Michigan, ^ The time of 
emergence of the earliest moths has closely followed the time of 
blossoming, and occurred from 5-10 days after the blossoms dropped 
(Baldwin apples). By adding to these figures the time of flight 
of the moths previous to ovipoeition, and the time of incubation 
of the eggs, it was found that fully three weeks elapsed before 
the hatching of the earliest larvae of the first brood. •• (57). 
Simpson reports f ran Idaho: •'We find the moths may emerge some 

time before the apples are in bloom and, dependin^'^l^i^gelyy^)!^^ 
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locality, the larvae begin to enter the fruit from a week to two 

months eifter the blossoms have fallen* •• (33^, Slingerland states 
that the moths begin to emerge, in New York, about the time the 
apples are in bloom, but the majority do not emerge until after 
the blassoms fall, and but few larvae are found to enter the fruit 
until about two weeks later. (26). Gillette, in Colorado, found 
the first moth emerging about ten days before the trees are in 
bloom. He states that the majority of them emerged about the 
time of bloom, but the eggs were found July 9, ISOO, and June 19, 
1901, and were all hatched by June 3l8t, the trees having been 
in blossom about May 5th to 15th. (30). Card found the eggs 
about three weeks after the blossoms had fallen. (25) . Cord- 
ley found that in Oregon the first larva entered thefruit about 
July let, the egg from which it hatched probably having been de- 
posited about June Slst. Thus, the entering of the fruit took 
place about two months after the petals had fallen. (2S). Simp- 
son found that in Southern TdaJio the apples in 19C2 were in full 
bloom about May 13th, and the first larvae noted to have entered 
the fruit about June 11th, or about tv;enty-five days after the 
blossoms had fallen. (32). 

Though not so conclusive as might be desired, we 
can assume from these observations from widely separated regions 
that the majority of motha emerge very shortly after the blceacms 
fall, and the larvae enter the fruit two weeks to a month later. 
This second date is the important one in a prograjn of control. 
Another very important period from the horticulturist i 6 stand- 
point is that during which the second brood enter the fruit, but 
unfortunately no invest igator seems to have studied this in the 
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light ill which we are intereflted* The importance of relating 

this to some regular seasonal event will be apparent when control 

measures are considered. 

Control: 

For convenience, the control may be considered 

under three heads, preventive, general cultural and remedial 

measures, and spraying. 

Preventive: 

In the control of this pest too much reliance 
should not be placed in efforts suggested by this first head. 
There are doubtless a few pecilliarly isolated orchards from v/hich 
the ingect can be excluded for many years, perhar)6, permanently, 
but in essentially all cases even the exercise of great care will 
not insure complete immunity* The practice of having old boxes 
or barrels returned for refilling purposes imposes an avoidable 
risk, but most of the avenues of infestation are beyond practical 
control* The larvae are not introduced with nursery stocH* except 
in rare accidental cases. Professor Cooley says that he believes 
its arrival into soir.e of the apple growing districts of Montana 
has been delayed to a worthy extent by the inspection of import- 
ed fruit. (59). 

General Culture : 

As in most pest campaigns, cultural practice 
is an important supplement to more specific measures. 

Trees should be headed low, planted reason- 
ably far apart, and kept open enough to expedite spraying. 

All roughness, cracks cr cavities on the trees, 
or rubbish about the orchard, in which the ccccoas might be pre- 
tected, should be avoided. There is no more pe?8'1^1;^vQi9S^^ 
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of the codling moth than some of our birds, and every effort 

should be made to reneder their work easier by forcing the lai^ae 
to spin their oocccns in exposed places* Observers have alec 
found that mortality from cold is much higher among the larvae hi- 
bernating in unprotected places. 

Forbes and Kunson have shown that abcut 62f 
of windfallG e.xe caused by the ccdlir.^; rncth, and observations of 
Le Bar en. Seal and Cook led them to conclude that about one-half 
the wormy apples which fell sliLl contained worms. (36) • Plainly, 
then, a destruction of the windfalls would destroy lar2;e numbers 
of the pest. ^Tw experiments have been made to test the econom- 
ic factors entering into this practice. Probably the labor re- 
quired would bring Isurger returns if cUrected toward grea':er 
thorouj^hness in spraying. Hogs or sheep have been used to clean 
up windfalls satisfactorily. In this connection mention should 
be made of the advisibility of having fruit stored in a house 
which is tight enough to permit f\xmigaticn, or, far better, in 
a building which is screened to prevent the escape of smy moths 
which develop from larvae carried in the fruit. In Celifornia 
Mr. De Long kept record of the moths which emerged in an apple 
storehouse, and reports that 11,974 moths were killed from April 
15th to August 12th. (32). Thie is certainly strong evidence 
in favcr of screening. 

The first specific remedy was suggested by 
Burrell of I'aseachusetts who writes that thousands of insects n:ay 
be obtained "by^ windi^s round or hanging any old cloth in the 
crotch of the trees, from the time they begin to leave the apple 
till the time the fruit is gathered. I think at present the 

best remedy would be this: In the fall when the ins^tbt^^sQQ^^ 
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into the clcth for winter quarters take the cloth from the tree, 
and put them into an oven hot enough to destroy them.'* (5^ • Al- 
most twenty years later Dr. Trimble devised his fajnous ''Hay-Rope 
Band.** (6)* Riley, in 1869, reccrumends this as the best remedy, 
and lays down the following rules: Tirst, the hay-band should 
be placed around the tree by the first of June, and kept on till 
every apple is off the tree* Second, it should be pushed up and 
down, and the worms and chrysalids cmished that were under it 
every week, or at the latest every two weeks* Third, the trunk 
of the tree should be kept free from old rough bark, so as to 
give the worms no other place of shelter, and fourth, the ground 
itself should be kept clean from weeds and rubbish**. (8). No 
improvement can be made on the rules to- day, as far as efficency 
is concerned, though bands of heavy paper, burlap and similar 
material have largely replaced the hay, but only because of great- 
er ease in handling. Later workers are tending to lay emphasis 
on thoroughness in the one particular remedy, spraying. It 
seems that the labor which it is profitable to employ can best be 
applied in this way. For this reason banding has been abandoned 
by most orohardlsts. It is, however, an efficient method which 
may still be wisely employed in old, badly infested orchards for 
a few years to supplement spraying, but never as a substitute for 
it. 

Spraying: 

It was not until 1878 that the most effective 
remedy was discovered by accident. E. P. Haynes, a practical 
fruit grower of Niagara County, New York, on the advice of J. J^. 
Woodward, sprayed his trees with Paris Green for canker worm, and 
found that it also checked the codli^ig mcth. TSitfesdtfact^v^&^te- 
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ported to the Western New York Hortioultural Society by Mr, Wood- 
ward, (26). The first careful experiments were conducted in 
1880 by Cook of Michigan \7ith positive results. (10). Careful 
and extensive experiments by others confirmed his conclusions, 
but it was not until 1838 when the establishment of the state ex- 
periment stations offered a reliable means of advertising it in 
every section of the country^ that it was generally adopted* It 
has now become a routine practice, one of the fixed costs of buei- 
ness, in all successful orchards, and has really made possible 
the production of high grade apples. 

Ae the larva has biting mouth parts, a stomach 
poison is used* Arsenic is the active constituent of all the 
coamoner poison sprays. Scheele'e Green, a compound of arsenic 
and copper is but ^ittle manufactured. London Purple, a waste 
product in the manufacture of aniline dyes is too variable in com- 
position to be recommended. Paris Green, a definite chemical 
compound of arsenic, copper and acetic axjid, is probably the moot 
generally known, but arsenate of lead has, during -recent years, 
been adopted in many of the larger commercial orchards. The 
lead compound is a little n-:ore expensive than the Paris Green, 
but it does net settle so rapidly and adhere3 to the foliage long- 
er. Also, Paurid Green contains so much free arsenic that it is 
always wise to add lime to counteract the burning effect, while 
v/ith arsenate of lead thie is not necessary. The .former is 
prepared with one pound of ^aris Green and one to two pounde of 
lime to 100 to 35D gallons of \7ater, ^3?); 3.nd the latter, by 
adding one to three pounds of f^e arsenate of lead to 5o gallons 
of water. Arsenate of lime 1b another spray which does not scerr^ 

to be used ^s generally as its merit warrants. Sinf^f^brPrs G^h>2 
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tho8e rho report he-^vi.!^ URed it with unvarying eucceas, and find 

it cheaper than the arsenate of lead. (32). Scott and Seigler 

have just completed tests which they believe shew that lime sul- 

pher has a decided value as a storuach poison. (63) • 

It is often desirable and practicable to use 
sprays which combine both fungicidal and insecticidal qualities. 
Practically the entire expense of spraying is in the application, 
the cost of the materials being relatively unimportsmt. Thus, if 
we can combine our csunpaign against our insect and fungus enemies, 
we can almost reduce our expenfie by half. Since recent demcnatra- 
tionB have shown that lime sulphur, which has long been knov/n as 
a contact insecticide, has fuJ^idal qualities nearly eqiial to those 
of Bordeaux, it has become deservedly popular as a material to be 
combined with arsenate of lead or Paris Green. From this mixture 
we have a spray 7;hich a^cts as a fun^^jlde, a contact insecticide 
and a stomach poison* 

In all spraying operations, making the appli- 
cation, at the right time, is a "sine qua non" to. success. The 
program for the control of the codling moth is to place some 
poison in the calyx cup of the apple before it closes, so that 
the large number of larvae ^vho make their first few meals at that 
point will include ajrsenlc in their menu, to apply a second time 
when the eggs are hatching, and a third time when the second brood 
of larvae appear. 

The later ejrays are made with reference to 
the life cycle of the insect, but a proper application of the first 
requires an understanding of the development of the fruit. fjlin- 

gerland was the first to throw light on the principles involved in 

r^ ^1,^ 

the calyx spray. Previous to his work, the orchardists had sue- 
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cessfully applied pclaon at the time the petals were falling. 

Vhen further investigation showed that the larvae to be poisoned 
did not appear until over a week after the falling of the bloe- 
eoms, the advisability of the accepted date for spraying was 
questioned. Sllngerland then noticed that on most varieties of 
apples the calyx cavity closed, within a week or two after the 
petals dropped^ Thus, by applying a poison at this time, we de- 
posit some arsenic in the calyx cavity where it is protected un- 
til the tiny trespasser is ready to start on his feeding career. 
If the spraying were done at the time the larvae were arriving, 
the calyx cup would be closed, and the basin be turned down, so it 
would be practically impossible to get any poison to the desired 
spot. (36). 

The more recent the investigation, the more 
erqr'hasis does the investigator lay upon the last spray in stating 
his conclusions. All the available literature has been reviewed 
in order to secure the ooncenflua of opinion on the very important 
problem of the proper time to spray. The results are tabulated 
in Table "r**. It will be seen that only two men emit the calyx 
spray. One of them, Riley, wrote his report over twenty years 
age, and Washburn's was submitted over ten years ago. Peveral 
advise this spray alone. The experiments of Quaintance and Scott 
are especially pertinent. Bringing together the results of all 
of the teste which represent several seasons and varied conditions, 
they report an- average of 90.64^ sound fruit from a single spray- 
ing as compsired with 96.19^ on plats receiving from three to five 
applications. The unsprayed plats shewed aii average of 57.79'^ 
of fruit free froir codling uicth injury. (5S). 
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TABLK *D^. 
Ref> Loca lity > Firsts 
18 T!€iryland, 
17 



25 



Second. 



Third. 



Oregon, 



TTeek after 

etals fall J 



Card ^ 



Gillette, 15 



lie a time 
after petals 

fallal 

25_ yebraska^ Calyx Cuj., Jiine 1st, Ju ne I gtET 



Gillette 



36 



Colling', 56" 



Colorado, !Tct later 

than one wk. 

after petals Later If it 

fall, r aln 5 , _^ 

Colorado, As soon as 

petals are 

fairly off^ 1 ^eek later, July 4th. 



Jones & 
Tavidaon, 



England^ Just vrhen 
petals fa ll, 1 wk. ^ l ater. 



63 California, Hhedlir.^' 3 to 3 



3 to 4 weeks 



letala, ^/7ee k3 la ter, al ter second. 

Hammer, ' 57^ "Michigan, "^^hortly after 3 to 4 rks. iCTwke. later 

petals fall, later, poesihly 8 

?J^ 2^* 

Qualntance 

4r Scott, 46 Va*, Mich., As soon as 

Pel. & Kan. ^ pet als fall, 

Montana, Just eifter pet- 3 weeks 

als fallj^ __ later^ 

Just after' June" 2*5 to 4 or 5 weeks 



Cooley, 



64 



Cordley & 

Jack B on , ^ ^ 

Scott & '^ 7u8t a?Ter '^^^ wecTS " ^"lo 7 weeks 

lualntance, 39 Arkansas ^ petals fall, later, later. 



Oregon, petals fall, Jul y 1, after second • 
Just a?Ter 



Qualn tance, ^Q Arkansfts, petals f 
Moore, ""X 0. , 48 ^IftbcnelnTJuet a?!;' 



err 10 to 14 



Lovett, A. L.54 Okla. 

Norton and 
Norm an, 



pet als fall, day s. 

JuaV after pe^^ " lO to IS' 



alg_ f all^_ 
Tust'af ter" 



days la ter, __ 

early In" 



'10^ clays 



4C Tfaryland, petals fall, lat er. July< 

*37 " Just' aJVer "~7~tc IC Lc\8t v:eeT: 

Gcssard, H_. A_^^,^^ 9^L^^ pet als f all, days later ^ In July. 

vry^n petalb "5" to^ro 

Hender scn^^ 40 Idaho ^_ are f alling^ days later, 

"Ju¥t after 1 week 

Fllngerland ,36 Hew York, petals fall, later, 

As last flow- 10 to 13 



Seattle t' 

!^e lander. 



-?3jj^. 



p e tal s_ drop, days later, A ugust 1> 



<2^ 



T^aBh., 






Just after 8 
)p. da 

"^en" last fclos- 
eoiis are fall 
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In Professor Goseard'e work in Ohio a single 

spraying resulted in 91.60^ of sound fruit as compared with 
45.80f; from unsprayed trees* (44). 

In West Virginia, Rumsey obtained by the one- 
spray method 97 •40^- of fruit trees from codling moth as compared 
with 96. 7^ sound fruit from four applications* In these tests 
the unsprayed trees showed 65.£^ only of sound fruit. (51)* 

Dr. Pelt, after experiments in New York, 
covering three years, shows for plats receiving a single applicet^ 
tion, 97.35^- of sound fruit; for plats receiving three applications, 
99.33f of fruits free from worms, as compared with 79.05fr of 
sound fruit on unsprayed trees. 

These results show that only slightly less 
efficiency can be secured from one spray than is possible from 
several. Probably one spray thoroughly done with high pressure 
will do the business, so that later ones axe unnecessary, but 
neither one or many will prove satisfactory if carelessly done. 

Like most quef:etion3 in horticulture, the de- 
termination of number of sprays advisable must be finally deter- 
mined by particular conditions. How serious is the infestation, 
how near and how careful are other orchaxdists, and how many broods 
occur, are some of the 4^estions involved. 

The timing of the second application is re- 
lated to the appearance of the insect. While there are some varia- 
tions in the dates tabulated, there is a reasonable unanimity in 
placing it at from one to two weeks after the first. In most 
orchards it takes several days or a week to cover t' e ground, and 
as a spray applied too soon may only be wasted, possi bly, while 
one delayed until after the worm has entered the apple willPglC 
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certainly b e lost, it will probably be safest to begin socn 

enough after the calyx spray to be through before two weeks, at 
the most, have passed* 

The table shows the impossibility of setting 
a definite date for the third sprayings Each fruit grower must 
settle the question for his particular locality. The object of 
this part of the campaign is itoi poison the second brood of larvaft, 
so a natural ajid safe method of determining the proper date is to 
reso' soqie Insects under conditions as nearly normal as possible* 
When our captive pupa emerge , we may knew that it is time to put 
the spraying outfit in order. If, as has been suggested before, we 
could relate this stage in the life cycle with some seasonal de- 
velopment In a comn-iCn plant, we would have an almost equally cer- 
tain, and much more troublesome way of determining the time for 
the attack. 

Other applications are eometlmds made, but 
unless the axsenlc is simply added to a spray, that would be giv- 
en anyhow for another pest, there is little evidence to encourage 
it. 

Natural Enemies: 

Our most valxiable allies^ in the war against the 
codling moth, are the birds. W, D. McAtee presentee', this phase 
of the question In concrete form. He reports that, ^Z6 species 
of birds are kno^vn to prey upon the codling moth in the United 
States. These species belong to 13 families of which the most 
important, sc far as number of species on the list is concerned, 
are the woodpeckers, titmice and sparrows. Especially valuable 
speclies are the downy woodpecker, Bullock oriole, black-headed 
grosbeak, and brush tit.** (55). The most valuabl'Szeg^jtWOf^'^^ 
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those which are aoouetomed to obtain their food from crevices 

and under bark flsikes, for they can capt\xre the larvae during 
the winter. One of the best evidences of the efficiency of birds 
is the great scarcity of intact hibernating cocoons and the abun- 
dance of empty ones which have evidentOir been rifled by birds. 
Long ago Walsh and Riley '^rrcte: •'From the careful inspection of 
several large orchards in the early spring months, we are con- 
vinced that almost all the cocoons of the apple-worm moth, that 
have been constructed in the autumn on the trunks and limbs of 
apple trees, are gutted of their living tenants by hungry birds 
long before the spring opens.'' (41). Buck, Im Virginia^ Viritee 
that, '•Counts of over 400 cocoons observed on apple trees revealed 
the fact that birds had destroyed fully 85^ of the worms.'' (45). 
From New Ha8?pehire, Sanderson reports: "Only 5 to 20f. of the larvae 
survive the winter. An ex3iminatlcn of seven trees, which aver- 
aged 38 cocoons per tree in the fall, showed but 5^ alive in the 
spring, 87^ having been killed by birds, 4% by disease, and Zf 
by cold. In another orchard, 1,096 coocons were examined in May, 
1907, with 19^ alive, 66< having been killed by birds, 6f. by dis- 
ease, and 9^. by cold," (47). 

Invertebrate Enemies: 

Simpson has compiled the following list of in- 
vertebrate enemies of the codling moth: (33). 

Chauliognathus pennsylvanicus . 

Chauliognathus marginatus . 

Telephorue bilineatus. 

Trogoeita corticalis . 

Trogosita laticollis . 

Trpgoderma tarsalis. Digitized by GoOgle 
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Perlmegatoma varlagata> 

P terostichuB calif ornlouB , 
* Cala thuls ruf lpe3 > 

Dermested. 

Clerld. 

Chrysopa. 

Raphldld* 

Gon lzus sp, 

Maorooentrus delloatua , 

Plmpla annul ipee ^ 

Bethylu e 8p. 

Hypoetena varlablllB . 

Though the names of the parasites make a rath- 
er formidable looking list, it is doubtful if their combined at- 
tacks destroy many of the codling moths, except in orchards -^here 
the pest is so abundant that the apple crop wouli be ruined in 
spite of the destruction of even a considerable number of the 
moths* The idea of a natural control of this orchard enemy is 
very attractive, but an insect which is so wide- spread offers lit- 
tle hope to experimenter 3 along this line* 
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The lesser Apple-Worm, Enarmonia prunlvora j Walsh • 

There are several other Lepidoptera that cause more or 
less Injury to apple trees. These, and the Important pests in 
other orders will be considered, though the scope of this work 
will not allow them the detailed discussion given to the codling 
moth. 

History: 

While the work of the apple-worm is fresh in our 
minds, the lesser apple-'irorm, Eneirmonia prunivora should be noticed. 
This species was discovered by Walsh in Illinois, in 1867, and 
though it received mention from a number of writers, attracted 
little notice and was given no careful study until quite recently. 
This is doubtless due to the fact that it was confused with the 
codling moth. Quaintance, however, reports that it ranks as an 
apple pest close to the codling moth. 

Distribution: 

It is a native of th? United States, and is re- 
ported from all districts in the Mississippi Valley eastward, and 
up into Canada. Though originally feeding on cretagus and wild 
crab, it has been bred from plums, prunes, cherries, galls and 
apples. 

Life History. 

The winter is passed by the full-grown larvae in 
cocoons in protected places, and pupation occurs in the spring. 
They probably emerge sbcut the same time as the codling moth. (3), 
The parent Insect, v/hich is a small moth, oviposits soon after 
the fruit sets. Injury to the fruit by this brood is apt to 
take the form cf small cavities eaten into the surface at the 

calyx end. (3). The first brood often pupate fe^iti^« calyx ^fe 
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of apples, or In plums, sifter these have fallen to the ground, 

in small withered apples, or in protected places about the tree. 
The second brood larvae may penetrate the pulp to a depth of half 
an inch or more (3). Quaintance has noted importsuit injury hav- 
ing been dene after the fruit has been barreled, (3), The full- 
grown laxva is about one-quarter inch lon^. 

Control: 

Experiments and observations by the United States 
Bureau on Eat, in Nebraska, the Ozarks in Virginia, show that 
sx^raying with arsenioals for the codling moth is also effective 
in controlling to a considerable extent, the lesser apple-worm* 

Cetnker Worms* 

Common Characteristics: 

Shortly after the apple tree has put forth its 
leaves in the spring, large numbers of a slender, naXed, measuring 
worms appear on this and other trees. As they increat?e in size, 
they devour the entire leaf with the exception of the mid-rib. 
Two different species are concerned in this destructive vvork, the 
fall canker-'ATorm and the spring canker-worm. The latter can be 
readily distinguished for it possesses only two pairs of legs om 
the under side of the posterior half of the body, there being three 
pairs in the species first mentioned. Both are evidently nat- 
ives of this country, and have never been reported as occurring 
outside of America. 

The Spring Canker-Worm, Paleacrita vernata^ Peck. 

Distribution: 

The species occurs from Maine to Iowa, and south- 
west to Texas. As the adult female is wingless, its spread is 

necessarily slow, except rarely through the medium of nurs^Q^lC 
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Stock infested with eggs. 

Life History: 

When full gro.vn the worms enter the ground, aind 
remain there until the following spring. In this stage, clean 
cultivation will destroy them. The adults corne cut several 
weeks before the apples are due to blossom. The female crawls 
up the trunk and lays her eggs which somewhat resemble in miniei- 
ture those of a hen, and are placed in irregular masses, usually 
concealed beneath pieces cf loose bark, etc. The egg hatches 
after the a^.ple leaves have unfolded. '1) (3). 

The Fall Canker-TToriii, Alsoph ita Eometarla, Harr. 

Life History: 

In this species the larva also enters the soil to 
transform, but th« adults emerge in the fall instead of the spring. 
The female, which, like that of the spring species, is wingless, im- 
mediately climbs the trimk and oviposits » . The eggs soraevvhat re- 
semble miniat\ire flower pots. They are attached to the bark in 
masses of from sixty to one hundred placed side by side in exposed 
situations. Hatching occurs about the .•^suue time as with the pre- 
ceding species, and the worms attain their full gro-.vth and enter 
the earth at about the same time, but instead of simply lining 
their cells with a few strands of silk, they spin dense cocoons 
of a yellowish silk v/hioh msQces them less at the mercy of the cul- 
tivator. The change to the chrysalis takes place about one 
month after the spinning cf the cocoon, and the adults issue, for 
the most part, from the middle of October through Teceniber. (1) (3). 

Control: 

Spraying -vith arsenicale vrill control the canker- 
worms, but it should be applied early becauee *^f) y>^^f^^vj\5yfft|^® 
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more sensitive, and because If applied late, serious Injury may 
havebeen done before the poison takes effect, 

Bfitndlng with Tanglefoot, or some other sticky sub- 
stance Is sometimes used, but le expeaelve, and In most orchards, 
where the regular spray calendar Is used, It Is useleee* 

Apple-tree Tent Caterpillar, I'^al acosoma amer l cana . Fab, 
Superficial Appeaxanoe and Life History: 

The eggs of this insect may be seen encircling a 
twig In a compact mass. The caterpillars hatch as soon as the 
foliage le out. They are about two Inches long. The body Is 
black, ornamented with a well defined white line down the middle 
of the back, and with a row of blue spots along each side. On 
the apple, wiled cherry, and other plants. It forms a conspicu- 
ous web In the fork of smaller branches, the caterpillars spending 
part of their time on or In this nest, and going out from It to 
strip the leaves. The adult Is a dull reddish-brown In color. 
Control: 

They are easily controlled by an eursenlcal, or by 
burning the web la the early morning or during cloudy weather when 
the caterpillars are at rest. (3) (4). 
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en lepidcptera other than Coddling Ifoth. 

{!) . 18S5, Coquillett, T). W. : ^Canker-Vforma, " U. ?. TBuraauEnt,, 
Cir. ITo. 9. 

(2). 1C08, Quaintanoe, A. L.: ''The Le8::.er Apple-T^orms,'' U. Z. 
Bureau Ent,, Bui. 68, Part V. 

(3). 1913, O'Kane, VC. C: "I i^urioua Inseots," p. 341. 

(4) 1G12. Sanderson, E. D. : "Insect Pests of Farm, Garden and 
Orchard. " 
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COLEOPTERA. 

The Round-headed Apple Tree Borer, gaper d a Cand ida^ Fab, 

Importance: 

The round-headed apple tree borer le one of the 
worst enemiee of the American apple grcver. It Is a native cf 
America, where it ie a menace to pomaoeous trees in practically 
every state east of the Rocky !i!ountains. 

Life History: 

The adults, which are handsome, stripped beetles , 
nearly sn inch long, emerge late in May and in June, according tc 
locality, coruins forth durirLS the ni^ht from t).9 trunks of the 
trees in v;hich t'-^ey have pupated. Soon the sexes mate i,nd eggs 
ar<:j deposite^l. '•The female first make an incision in the bark, 
whether by means of her mandibles or ovipo^ltcr, is not plain, 
causing it to split slightly, then turning her head upward, places 
an egg under the bark nearly a quarter of an inch from the incis- 
ion, accompanying the deposition by the extrusion of a gummy fluid 
which covers and secures it to its pl^.ce, and usually fills the 
aperture.^ (!)• 

The only infcrriiation on the period cf incubati-^n 
is that cf E. T7, Junk ins who observed an egg -rhich hatched in 
twenty- two days. (l). 

The larvae requires three years ^ SiS\tM^^^'^^0^^'' 
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Ing first in ths 8arT;-:/i, iDut later penetrating to the heart of 

the tree. The grub, which ia then aui inch long^ yellowieh-white, 

Tlth a small, dark head^ and slightly enlarr;ed, brGv;n, first sed- 

ment^ gnaws outward, and with its head pointing toward the bark, 

forms a pupal cell. Chittenden places the pupal period at about 

nineteen days, after which the mature beetle cuts its way out, 

leaving a round hole. 

Control: 

The oldest, and probably the surest way, of destroy- 
ing the laxva is to cut them out with a knife or draw them out 
from their burrows by meams of a soft copper wire* The objection 
to this system is that the knife may do as much dair.age as the in- 
sect, and that it requires considerable labor. Hov;ever, if one 
can learn to detect their work promptly, these disadvantages can 
be reduced to a minimum. 

Wood veneer, paper, wire gauze or mosquito netting 
may be tied around the trunk from two to three inches below the 
ground to a height of three feet to prevent egg- laying. 

Pure -.vhite lead and linseed oil may be painted on 
the trunk, or if rene'v^d occasionally, protective washes may be 
used as deterrents. Whitwash and lime sulphur has also been rec- 
ommended. 

If kerosene ie applied freely wherever the castings 
of the larva are seen protruding through the bark, it will carried 
by capillary attraction, permeate the entire burrow where it comes 
in contact v;ith the larva, which seen subounibs. (1). 

Again, emphasis should be laid upon the importance 
of clean cultural practices. Weeds should be kept down, and rub- 
bish removed, and trees, infested beyond recovery pigburned.^OO^^^ 
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The Flat-headed Apple Tree Bcrer, Chryg obothria femorata, 

TeCo. 

Superficial Appearance and Life History: 

This more ab\indant, though less dangerous, borer 
is a member of the family Buprestidae. The active metalic color- 
ed beetle about one-half inch long emerges about the same time as 
the round-headed borer, or later, and oviposits during June and 
July. This species is not restricted in its ravages to fruit 
trees, but attacks, al80, a niimber of ddoiduous varieties, always 
preferring weakened trees. It is a great lover of sunlight, and 
practically exclusively deposits its eggs in places exposed to the 
sun. 

The grub has a flattened and enlarged segment just 
back of the head, and lives for the most part beneath the bark, 
though sometimes entering more deeply into the sapwood. It works 
higher up the trunk than does the round-headed borer. This spec- 
ies requires only a single year for its development, r^upatlon 
(whioh takes about three weeks) occurring; in the early spring. (3). 
The exit hole distinguishes its work froni the ro\and-headed borer, 
being elliptical instead of round. 

Control: 

The remedies advi«erl for the roiind-headed borer 
are also effective against this species • It is necessary, how- 
ever, that washes, etc., be applied to tr.a u.ain branches, as well 
as the trunk. Cultural carefulness may yield even greater re- 
waxds. 

The Shot-Hole Borer, f-c o lytus r ugulc 9us , Batz. 

History: 

The shot-hole borer, or fruit tree bark-beeQS'^^ 
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is an Immigrant frcrn Europe, and was first noticed in this 

country in 1877. Probably, through the mediuiTi of nursery stock, 

it hai lew spread thoughout most of the east and middle west, and 

is now a serious pest on plum, peach, cherry, apple, pear and 

other varieties. It much prefers weakened trees. 

Life History: 

From ?;!ay to June, according to the season and 
locality, the beetles appear and begin to burrow through the bark. 
••After penetrating the sapwood, feeding as she goes, the female 
constructs, partly within the bark end partly in the wood next to 
it, a vertical gallery or brood chamber, and along the sides cf 
this at very short Intervals gnaws little pockets in which she 
deposits her eggs. The minute, whitish grub-like larvae hatch- 
ing from these eggs excavate little side galleries, which start 
at right angles to the brood chamber, but soon diverge and widen 
with the Increase in the size of the gnawing larva." (3). •'Con*- 
pleted main galleries measure from one-half to two inches in length 
aiid the average number cf eggs depceited in each by a si:x£;le fe- 
male is sswid to be about 80.*' (3). 

••The parent beetle, aoocrding to the studies of 
Tr. J. B. ^mith, at Ne:7 Eruns'.7ick, ITe:v Jersey, occupies less than 
a week in the construction of t':e brocd chegnber, the eggs hatch 
within three days, and the larva is about twenty days in attain- 
ing maturity. TThen about to tra.iafcrm the larva forms, at the 
lear^-e end of its gallery, an oval chamber, usually in the wood, 
but sometlmt^b partly in the baxk, an.1 here the pupal stage is 
assumed.'' (3). 

In northern sections there are probably two gener- 

j.tlon? each year^ in the south, three. Digitized by GoOQIc 
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Control: 

A number of parasites are very effective ii: holding; 
this borer in check. 

Cutting out is useless against this epeciee^ and^ 
indeed, it is difficult to treat it in any way, because of its 
minute size, extreme abundance, and the fact that it is not re- 
stricted to arxy portion of the tree, urA that cvipcsition cccurc 
throughout the season* 

Clean culture ie of prime importance, for the in- 
sect breeds in large numbers in dead or dyinc trees and bruish 
piles. Peterrent washes ma.y also be used, and trap trees and 
branches have been succe-.sful in lirr.ited trials. 
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R"SFE?7:TCrS on BOREP.'^. 

(1). 1903, Chittenden, F. H., U. 3. Tlv. of Ent., Cir. No. 32. 

(3). 1S03, Chittenden, F. H.; "The Fruit Tree Bark-Beetle", 
U. P. Der-t. of Agri., Cir. No. 29. 

(3). 16S3, Piley, C. V., Proc. Ent. Ccc, 7aBh., Vol. Ill, 
p. 33. 

(4). 1812, 0»ICane, W. C: "Injurlcug Ineeote." 
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Plurr Curoullc, Ccnotrac helua nenupha r^ Herbs t. 

The suborder Rhynchcphora, or snout beetles, includes 
several cf cur most expensive insect pests. The one of most im- 
p6rtance to fruit growers is the pluiix curculio. 

History: 

!To insect received earlier attention froni Am6rioan 
hcrtticulturiste than this curculic. 7?ritings in the early part 
of the eighteenth century indicate that it was alreaxly common. 
Investigations by the Bureau cf Tntomolcgy have sho\vn that it 
is confined to the humid regions cf the United States. It is a 
native of this country, and as it has not yet spread into the 
arid regions there is a possibility that these districts may nev- 
er be burdened with it. 

Importance: 

Its damage, though not so great as that caused by 

seme other pests, is a considerable tax on the fruit industry. 

The National Conservation Ccrarr.isslcn estimates the lose chargeable 

to it as follow*:: (IC). 

Apples, ?3, 357, 806. 

Peach, 3,788,814. 

Plum, Prune, etc., 994,145. 

Total, ^8,04C,7S9. 

This statement sho\73 the magnitude of its injury, 
and indicates v;hy it may be Appropriately treated under apple 
pests. 

Foof Plants: 

The plum curculio feeds upon, and oviposits in 
practically all pome and stcne fruits, and there are records of 
oviposition in huckleberry, grape, strawberry, gooseberry, currant 

and wild persimmon, and eveii in the bark of trees^'and^^^tHe bl«Jk 
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knot on the plum and oherry* Fortunately, hovrever, it doubt- 
less never matures on the grape, huckleberry, persimmon and sim- 
ilar fruits, and rarely on the pear. They seem to prefer the 
earlier said more tender- skinned varieties, both for egg-layiag 
and feeding purposes. 

Life History: 

At about the time when the buds begin to sho-.v 
green in the spring, the beetles ;7hich have hibernated under rub- 
bish on the ground, under rough bark, in the neighboring woods, or 
in other protected resorts, emerge and as soon as the young fruit 
enlarges, ovlposition begins. The deposition of eggs goes on 
most rapidly during June, but continues through July, after which 
the majority of the beetles of this generation die, but a few may 
survive until September, or in rare instances until late fall. (3), 

In feeding, the beetles gnawe out a srr^ll, round 
hole. When egg-laying, it ma^.es a cresent-shaped cut around the 
point at which it has inserted the egg. These injuries are espec- 
ially serious on young fruit, causing them to grow gnarly and mis- 
shapen. (8). 

Riley estimates the number of eggs laid by each 
female at from fifty to one hundred, (l)* Later, careful exper- 
iments by Quaintancefiuid Smith, (4), and Jenne, (7), place the 
average at about one hundred and forty-five, ranging from 1 tc 
557, and the length of the period of incubation at 2.5 tc 13.5, 
the average varying from 3.77 to 9.33 days. The young larva start 
tortuous burro>/3 through the fruit, usually causing it to fall 
within a few days. 

Crajidall records the following average length of 

Digitized by VnUOQlC 
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the period from the laying of the egg until the emerging from 

the apple; 



In June, 


18.07 


In July, 


19.15 


In August, 


SI. 55 


In September, 


36.00. 



In less than an hour, after leaving the fruit, the 
larva is hidden a couple of inches beneath the ground. Under 
the direction of Quaintance, studies on the length of time spent 
in the ground have been made. (7). 

Place. Time spent in Length of Days in Total. 
the soil before pupal in- soil as 
pupation. star. beetle. 

Washington, D. C, 13^18 8.36 7.75 39.35 

Douglas, Michigan, 13.18 14.13 7.10 33.38 

Barnesville, Ga., 16.08 9.18 5.53 30.89 

We see that in about thirty days the perfect beetles 
emerge. There are an equal number of males and females. (7). 
They remain quiet fcr a day or two, .allowing the body wall, beak 
and jaws to harden, then fly into the trees and begin feeding 
upon the fruit. Beetles of the new generation do not (except 
possibly in rare oases) pair, and no eggs are laid by them \xntil 
the following spring. They cause the greatest loss to the or- 
chardist, hov;ever, for the fruit is freely punctured for feeding, 
and the amount of this work increases as the season advances, 
ceasing only when no more fruit remains. (5). Late in the fall, 
the beetles hide in secure places for the winter. Quainteuace 
estimates, on the basis of data by workers for the Bureau of 
Entomology, that there is a mortality of 70'*!- among the hibernat- 
ing beetles. 

Thus, we see the entire period, from oviposition 
to appearance of the adult, amounts to abcut fifty day4vTQQglC 
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there is t)ut one generation. 

Natural Enemies : 

There sire many factors which hold the number of 
curoulios in check. The mortality of the hibernating larva 
has already been mentioned. Drought during the pupal period and 
time of emergence of the beetles from the soil, scarcity of fruit 
for ovipceition, due to frost, etc., are all Important. It has 
also made parasitic and predacious enemies. Of the former class, 
Anaphoidea contracheli ^Oiraultj is the only important paxasitic 
on the egg. Of those feeding in the larva, Triaspis curcullonis,, 
Fitch, is the most important, causing, according to Quaintance , 
a mortality of from six per cent, to twelve per cent. (4). 
A variety of this species, Triaspis cixrculionis vax. riifolS i Riley, 
also feeds on the larva, and while developing to the adult form 
in the fall, remains in the cocoon until the following spring. 
Others are Hlcrobracon mellitor Say. and other Hymenoptera. 
Also a Tachlnld fly, Myiophasia aenea, Wiedemann, and Cholomyia 
inaeguipes s Bigot. (7). 

Among the parasitic enemies the ant is the most 
alert. 

Riley also reports a species of thrios as very 
effective. There are many other insects which are generally 
predacious which include the curoulic in their diet. 

Within the limited confines of their hunting 
ground, poultry are val\xable in checking the curculio, and the 
United States Bureau of Biological Survey found beetles in the 
stcmachs of seven speoles of wild birds. 
Control: 

The dtfpradations of the curculio p^^j^^1fJ;Q(^^^:|^ 
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settlers to seek some means of control, and many methods were 

suggested, most of which, however, were worthless* Jarring is 

the only one which has survived* This is baaed on the peculiar 

ha*bit of the beetle of playing possum when disturbed* If a tree 

is sharply jarred, the insect will curl up its legs and fall to 

the ground, where its little, round, eaa:th-oolored body is very 

difficult to distinguish* Meuiy contrivances have been invented 

for catching the falling curoulios, the best of which oon3l3ts 

of a white sheet sujjported by a frfiune work. This is sometimes 

shaped like an inverted umbrella, with a slit through which the 

trunk of the tree may pass, and placed on a wheelbarrow. Or, 

in the south, where labor is cheap, it is carried by four persons 

while a fifth strikes the tree with a heavy padded pole* No 

experiments have proven its econbmic value, but the large number 

of curcullos captured has lead to its use in some large orchards of 

drupaceous fruits. It will probably never be depended upon in 

older apple orchards* 

The value of cultivation In the campaign should 
be kept in mind by every enemy of the'^Llttle Turk**. As has been 
shown, the insect pupates only one to three inches beneath the 
surface of the ground. As these pupae are extremely tender emd 
readily killed by the disturbing soil, the gain from frequent 
cultivation is evident. (7). Quaintanoe reports a percentage 
of benefit of 76.75^> after comparing the results of a series of 
experiments. This adds one more reason to t^re many good ones ad- 
vanced in favor of clean cultivation. (7). 

The nature of the curcullo'rB work makes spraying 

leas effective in its control than it is in that of the codling 

r^ ^T^ 

moth. The egg is laid beneath the fruit, and tf^^^'^larva does all 
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itQ feeding in the interior. The only vulnerable point in its 

history is, then, the beetle stage, and even here the possibilit- 
ies are limited by the fact that the beetle punctures the skin 
and does most of its feeding under the pulp within. Since 1870, 
the question of the value of ajraenicals for this pest has been 
argued, and evidence has beem presented in favor of both theories. 
It ^vould be unprofitable in a limited discussion to follow this 
development. The summary r/culd be that the spray has gradually 
grown in favcr, and is now generally advised. This conclusion 
has been more easily reached because in most orchards several 
sprays must be applied anyway for other purposes, and even If they 
did not include a poison, there is little extra expense involved 
in the addition of a few pounds of eursenic. Thus, it is a ques- 
tion, not of whether the benefit derived in checking the curculio 
will pay for the spraying, but whether it is of any effect at all, 
and even the most skeptical of the careful worker e have conceded 
it a alisht value. 

Quaintance and Jones, in 1912, recommended four 
applications: first, ^hen the cluster buds are out, but before 
the blossoms fall; second, as soon as the petals fall; third, 
three or four weeks after the petals fall; and fourth, nine or 
ten v/aeks after the petals fall; and where the curculio is excess- 
ively troublesome, a treatment about mid-way betvreen the third 
and fourth. (7). Experiments by Quaintance and Scott, reported 
in 1913, seem to show that \7here the codling moth and plum curculio 
are alone to be considered, one thorough spraying ju^t after the 
petals fall is about as efficient as -^ schedule requiring three 
or more applications. In six orc^.ards, where data was obtained, 

an average of 52.33;^ of fruit free from injury ^?^izg3^^5^^(S©t)5'te 
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the one-8pray plats as compared with 82,40^ of eound fruit on 

plats receiving the demonstration treatment. The percentage of 

80\ind fruit on the unsprayed trees was 55 .SO, 

To sum up the evidence then, we may say that in 
an apple orchard troubled only v;ith codling moth and curculio, 
one thorough intelligent application of an arsenical, just after 
the petals fall, will suffice. If other summer sprays are nec- 
essary for other pests, the arsenic should certainly be added, 
and that no amou^it of spraying will hold the curoulio in check in 
sin orchard which is \incultivated, unpruned or otherwip^e neglected. 
Apple Curoulio, Anthonomus gixadrigibbus ^ Say. 
History: 

The apple c\irculio has occupied the attention of 
horticulturists for a much shorter period than has the plum curoul- 
io. It was not described until 1831 when Say named it Anthonomus 
quadrigibb us. It is a nativ3 of the United States where it has 
feed on the hawthorns and wild crab. 

Superficial Appearance Compared to Plum Curoulio: 

The larva is a wrinkled, footless, dingy-rMrhite 
grub, which, when full-grown, is nearly half an inch in length. 
Some of the body segments in front of the middle are greatly en- 
larged on the back which gives the larva a humped-backed appear- 
ance and prevents it from straightening out. (5). 

Riley has noted the chief differences in the ap- 
pearance of the adults of the tv;u curculios. He writes: ••The 
snout of the plum cirrculio hangs down like the trunk of an ele- 
phant, it Is so short, stout, a^nd does not admit of being stretchr 
ed put horizontally forwards - Is scarcely as long as the head 
and thorax together, and can be folded back betwea^tfiedt^^QPglC 
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•:7here there ie a groove to reoelve it. The plum curculio is 
broadest acroea the ghculder© and narrows behind, and, moreover, 
the blcLol: seallns-wax-like knife-edsed elevations on the baok, 
with the pale band behind them, characterize it at once from all 
our other fruit boring snout beetles. •• (5). 

••The apple, or four-humped curoulio, is a smaller 
insect with a snout -.vhich sticks out more or less horizontally, 
and can be folded under, and which, in the male, is fully as 
10^5 as the whole body. This insect has narrce ^hculdera and 
broadens behind, where it is furnished with fouf very conspicu- 
ous hiimpa, from which it takes its name* It has neither the 
polished, black elevation nor the pale band of the plum curculio. •• 
Life History: 

The beetles emerge in the spring about the same 
time as the plum curculio, and soon after the blossoms disap- 
pear from the trees, begin laying eggs in the young fruit* 
Oviposition gees on as continuously as it does in the previously 
described insect, but as the period is shorter and its work slow- 
er, somwhat fewer eggs are deposited. The eggs hatch in about 
five days, and the larvae therefrom feed on the flesh of the 
apple for about twenty days, (6), rhere, according to Riley, (3), 
and Cranlall, (5), they tranefcrrn to pupae within the fruit. 
According to 0»5Cane, they pupate under the ground. (8) . After 
remainlr.o; l.i the pupal form for about a -veek they change to 
beetles, and soon after appear as adults* 

The yoxmg beatles do not injure fruit by feeding 
on it during the late summer and fall. According to Crandall, 
by the first of August most of the beetles have disappeared from 
the trees and are found the ground in ^raes bedspj^^^jj^^xdf^j^plj^en 
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leaver. 

Their damage la net bo great as that dene by the 
plurn curoulio, not only because they -ire fewer In number and be- 
cause their period of work is shorter, but alao because their 
punctures are less destructive* 

Control: 

The control of this insect, though similar to that 
of the plum curculio, presents some additional difficulties. It 
is not so easily jarred, because it is leea prone topLay possum, 
anl it is more difficult to poison for the reason that in feeding 
they consume little of the exposed surface to which poison is ap- 
plied. Instead of eliminatinn; neighboring wild plum groves, 
as \ie should when fighting the plum curculio, r;e should avoid 
thickets cf haw and wild crab* 

Apple ^eevil, Pseudanthon omus crataegi, Talsh, 

History: 

This insect was bred from Ceridomyid galls on 
tjrataegus • by ^alsh, in Illinois, and was described and named by 
him in 1833, but since then has received little attention, 

Superficial Appearance: 

The beetle may be distinguished from the other cur- 
culios mentioned by its much smaller else, lighter and browner 
color and absence of humps on the back. 

Life History: 

Its life history, as far «8 it is kno-ra, is not 
materially different from that of t^e apple curoulio. The larva 
seems unable to subsist on ^ples that are growing vigorously on 
the tree, frait which is soft -vith decay or shrivelled anl dried 

being most acceptable. Digitized by GoOglc 
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Control: 

As the weevils usually remain in fallen apples 
for a week or more after they drop, destroying the fallen fruit 
*.vill dispose of many of them. They are more susceptible to 
sprayins than the other ouroulios, because they feed to 30:i:e ex- 

•"r-^.at on the foliage. (5) • 
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p.FFi:rr':Tc;r« on ^hyitckopiic^a. 
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Exper. Sta., Bui. 98. 
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HEMLTERA. 
Homoptera, Suborder. 
Coocldae. (Scale Ineeots). 

The suborder homoptera oontainB more than its share of 
troubleaoma specleQ. The Ccccidae, which i& one of the most 
objectionable families of inisecta we have to combat, is only one 
of several very destructive ^rouiiS. This family ia character- 
ized by having one pair of wings, the other being replaced by 
balancers on which there are one or more hocked opinss which 
catch into the fore\7ing.?. 

The family i^ divided into four subfamilieo: 

1. riagpinae. All scale Insects in which the ^/^axy 
covering ia separable from the insect underneath* Absolutely 
fixed after once inserting beak* 

3, Cocciaae. More or lees fixed after having once 
attached themselves. Variable* Includes Lecanimua, mealy-bugs 
and other soft scales. 

3. Brachysoelinae* Gall makers. !Jovable until in 
galls. Occur in Australia and Eaet India, but no forms in 
America. 

4. Monophlebinae. Most primitive type. Movable 
throughout entire life. Ccour in Asia and Africa, but no forms 
in America. 



Digitized by 



Google 



Digitized by 



Google 



58 

Of these groups the Dlaspinae axe by faar the most im- 
portant, although the Cocolnae produce some serious pests • 

Tha Diaspinae are highly specialized, and sometimes 
limited to but one host plant • The family includes four impor- 
tajit genera. These may be classified roughly as follows: 

1, AfipidicinSju Scale of female nearly circular, with 
central or eubcentral exuviae. Scale of male resembling that of 
female in color and texture, but slightly elongated, and exuviae 
eccentric* 

3. Mytil4spis. Scale of female oyster shaped. Male 
practically ssjne shape and color, but smaller , 

3. Diaspis. Scale of female circular; exuviae eccen- 
tric; color white. Male parallel elded; elongated; white; caxin- 
ated longitudinally* 

4. Ghionaapia. Female scale somewhat oyster-shaped; 
white or buff in color, but male like male of Diaspis. 

The main points in the above description were taken 
from notes on a lecture delivered by Professor J. G. Sanders* 

San Jose Scale, Aspidiotus perniciosus Corns t. 

laqportance: 

The Important member of the genns Aspidiotus is 
the San Jose Scale. Though rare in Wisconsin it is of importance 
here, as in any district, because its capacity for harm probably 
exceeds that of any other scale Insect known, because it attacks 
practically all decidious plants, and because it is almost impos- 
sible to exterminate when once introduced. (5), 

History: 

It was first described by Comstock in 1880, having 

been imported from China via japan to Calif orniaDiJtfkedbii^^arTy^lC 
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seventies. Since then it has spread over practically the whole 

of the United States and Canada. (5), 

Superficial Appearance: 

The scale occurs on all sides of the plaiit, except 
the root. When numerous they lie close together, and frequently 
overlap, with several young ones clustering over the surface of a 
mature scale. The general appearance is a grayish, very slightly 
roughened, scurfy deposit which when thick resembles a coating of 
ashes. When crushed a yellowish, oily liquid will appear, re- 
sulting from the mashing of the soft insects beneath the scale. 
During the summer the hand lens will reveal numbers of orange col- 
ored larvae running about, and the snowy-white young scales will 
be interspersed with darker mature scales, jts detection is 
facilitated by the reddening which it produces on the skin of 
fruit and on tender twigs. (5). 

Life History: 

The winter is passed by this insect in a partly 
grown dormauat condition under the protecting scale. When warm 
weather comes, the males are ai this time in excess, transform to 
pupae 8uid emerge. The females at this period have arrived at the 
stage of impregnation, and the delicate two-winged males disappear 
after a few days. About a month later the overwintered females 
begin to give birth to living ycung, and continue to produce for 
about six weeks, when they perish. The almost microscopic larva 
wanders to the nearest available point, contracts to a nearly cir- 
cular: form, and slowly works its long bristle-like sucking beak 
through the bark. The development of the scale begins even be- 
fore the young larva has selected its feeding place, as very min- 
ute, white, waxy filaments, which spring from al^jg-p^^^^QOiS^Ic 
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body, rapidly become thicker, and slowly mat down to form the oir- 
oular, white scale with a depressed riag and central elevation* 
The skin is cast off for the first time twelve days sifter the yo\ing 
appear, and consists of a splitting of the old skin around the 
outer edge of the flattened insect, the upper part being attached 
to the scale and the lower portion forming a ventral scale next to 
bark« Both sexes lose their legs and antennae at this time, suad 
the males, which hetetofore were indistinguishable from the femalei^ 
may now be recognized by the laxge purple eyes and elongate body 
from the eyeless females, which are practically flattened sacs 
with only the slender sucking bristle* Six days later, or when 
eighteen days old, the male molts to the propupa, and the male 
scale becomes an elongated oval in form* The antennae, legs and 
wings, now appear and are fairly well shaped when two days later 
the change to the true pupa takes place ♦ After another four to 
six days, or from twenty-four to twenty-six days from birth, the 
mature winged males back out from under the scale. The female 
undergoes a second molt about eight days after the first, and 
thirteen to twenty days later, or when she is thirty- three to 
forty days old, gives birth to young* In one season there may 
be from three generations in the north to as many as five in the 
south. (5). 

Natural Enemies: 

The San Jose scale has a number of natural enemies* 
Among the more important are Apelinus fuscipe nnis. How, several 
species of lady bugs, aunong them a small black variety, Pentilia 
misella Lee, and a fungus disease, Sphaerostilb e cooophila^Tul , 
which, ho'^ever, like other fungi, is very dependent on favorable 

climatic conditions. (5). Digitized by GoOgle 
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Control: 

The beet method of preventing injury by this scale 
lies in excluding it from a district. This demands an understand- 
ing of its mefitns of dispersal. By far the most important means of 
distribution is nursery stock* It is, of course, transported 
long distances ih other ways, as on infested fruit, but danger 
from this source seems inconsiderable* (4). It may be spread 
locally by Insects, birds, by winds, or human agencies, but owing 
to the inactivity of the females, it usually spreads slowly from 
tree to tree. The conclusion is, that the most efficient method 
of excluding this pest is by insisting upon some reliable certifi- 
cate of inspection of nursery stock, preferably backed by a f\imi- 
gation with HCTN gas. (2) . When San Jose Scale has gained a 
foothold, the control consists in the application of a contact 
insecticide, and indeed the same remedies which are applied a- 
gainst It will keep all the scale insects in check* (3)* The 
following sprays are effective: 

(a) Kerosene emulsion 16^ to 2&f^ kerosene* (6)* 

(b) Pure kerosene, but this has resulted in such 
serious injury that it has been almost entire- 
ly abolished. (11). 

(c) Crude petroleum (43 to 45 degrees B^aume) appli- 
ed in a fine spray on a bright summy day seems 
less injurious to the trees than the pure kero- 
sene. It contains more heavy oils, and con- 
sequently does not penetrate the baxk so read- 
ily, and the light oils evaporating leave the 
heavy oils on the bark for some months, which 
aids in preventing yoxing scales from getting a 
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foothold. (11). 

(d) Mlso^lble oils diluted ten to twelve times axe 
effective as winter washes. (11). 

(e) Whale oil soap, or fish oil soap (two lbs. per 
gal. water) is fairly good for a winter wash 
if applied while hot, the soap being dissolved 
in hot water. 

(f ) The standard spray is the lime-sulphur wash. 
Its eff ioiency as a fungicide adds to its pop- 
ularity. The stock solutions which are sold 
are usually of excellent quality. For the home 
manufacture of the solution, we can use two 
pounds of sulphur to every pound of pure cal- 
cium oxide* Thus the amount of lime used will 
vary in proportion to the amount of calcium in 
it. To this mixture add water at the rate of 
35 gallons to every 40 lbs. of sulphur. ?fheth- 
er the commercial or the home-made solution be 
used, its strength should be tested with the 
Baume hydrometer, and then diluted in accord- 
ance with the tables published by the experi- 
ment stations. 

European Fruit Scale, Aspidiotus ostr^ ef ormis ^ Curtis. 

Relationship and Import: 

This Is a close relative of the San Jose Scale, 
and though it is improbable that in this country it will ever 
rank in importance with its pernicious cousin, it should be care- 
fully watched. (7) (13). 

Distribution: Digitized by GoOgk 
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It Id well known on various fruit trees in Europe. 

It has doubtless been in the United States much longer than the 
San Jose, and has become established in widely separated locali- 
ties, both in this country and in Canada, (4). 

Food Plants: 

Its food plants are apple, cherry, maple, oak, 
peach and pear, as well as prune, currant, plum, ash, elra, Carolina 
poplar and willow. (13) • 

Superficial Appearance: 

Its general appearance is similar to San Jose Scale. 
The sides of the scale axe dark gray, while the center, which is 
nearly white, may be grayish or brown. The young appear to have 
a habit of arremging themselves at nearly equal distances from 
each other. The individual adult may attain a diajtieter of near- 
ly one-eighth inch, and has a yellowish or orange nipple a little 
to one side of the center. The male is somewhat oval in outline. 
(13). 

Life History: 

The winter is passed by partly grown individuals, 
which become mature before the last of June. It has been report- 
ed as giving birth to living young, but the weight of authority 
seems to cast a doubt on this assertion. The young appear about 
the last of the month, and continue to emerge for several weeks. 
Tv;o generations are produced in this latitude. (13). 

Putnaan Scale, Aspidictus ancylus^ Putnam. 

Description: 

Putnam's scale is of importance because of the li- 
ability of its being mistaken for San Jose. It also resembles 

r^ ^T^ 

the European. The San Jose, hov/ever, usually has a much deeper 
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concentric ring than the other two, in which it is either shallow 

or wanting. But even this is not an infallible test, because 
in the summer a San Jose which is growing rapidly often has a very 
shallow ring. When the scales are rubbed, the nipple of the 
European is red orange, that of the Putnam yellowish orange, and 
that of the San Jose still more yellow than the Putnaun. As a 
rule, the Putnam is not massed as the European and San Jose, and 
the young are not so dark nor so flattened as those of the per- 
nicious scale, (2) (13) • 

Life History: 

The Putnam, like the two already described, passes 
the winter in a partly grown, though usually more mature, condi- 
tion. There is but a single generation. The males appear the 
latter part of April, and the females deposit from thirty to 
forty eggs in the late spring or early summer. The crawling 
young may be seen dxiring most of July, indicating that the hatch- 
ing of the eggs extends over a considerable period. (13). 

Food Plants and Injury: 

It is found throughout most of the country on 
apple, cherry, c\irrant, honey, locust, peach, pear, plum, walnut, 
etc., but rarely in sufficient quantity to cause serious injury. 
(4). 

Cherry Scale, Aspidiotus forbesi ^ Johnson. 

Distribution and Host Plants: 

This scale is found on apple, cherry, currant, 
honey, locust, peach, peax, plum, walnut, etc., but is not very 
widely distributed. (11). 

Superficial Appearance: 

It can be distinguished from the [^BeiA 
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much lighter color of the scale, and the orange-red exuviae, also 

the mot •* and "ring'' is not so noticeable. (11)* 

Life History: 

It winters partly grown, the males appeaxing in 
May, eggs and young being found as late as June 30th* In the 
north it produces two generations, the males of the second brood 
appearing from July 10th to August 1st, ajid the young of this 
generation from the first week in August until late in September, 
(11). 

Scurfy Scale , Ohionaspi s furfur a ^ Fitch* 

Distribution: 

The most important member of the genus Ohionaspis , 
the scurfy dark louse, is found throughout most of the United 
States on Apple, cherry, c\irrant, elm, pear, etc. (4). 

Superficial Appearance: 

The Insect often occurs in thick, dirty masses, 
and the form of the individual is much obscured. The individu- 
al female consists of a small yellowish pellicle (usually two are 
present), a large dark scale and a very much laxger, irregularly 
shaped, whitish scale. The male scales are elongated, with a 
small yellowish pellicle and a very much larger, tricarinate, 
white scale. A rupture of a female scale in the winter reveals 
the purplish eggs beneath, and, when turned over, the shrunken 
body of the parent and the mass of eggs are exposed. 

Life History: 

The winter is passed in the egg beneath the pro- 
tecting scale of the female. The reddish young appear about the 
middle to the last of May, and in about six weeks appear as a 
yellowish exuviae and a dark grayish scale 1 miii.Diai^;a|by vnOOglC 
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The Rose Scale, Dlaspie Roaae , Bouohe* 

This is a round or clroulso', pure white or very 
yellowish-white scale. It is not found on the apple, but may 
cause the careful orchardist concern for it is sometimes very com- 
mon on neglected rose, raspberry, and blackberry bushes (especial- 
ly near a wall or other shelter), where it attracts the attention 
by forming such striking contrast to the greenish or reddish 
shoots. The male insect is very small and narrow. The life 
history is similar to that of the Scurfy Scale. 

Oyster Shell Bark Louse, Lepidosaphes ulmi L.( Mytilaspis 
Ecmprum, Bouche. 

This is probably the most abundant scale on apples 
in the northwest. It also occurs on currant, oottonwood, lilac, 
pear, etc. (6). It is now known to occur all over the world. 
(5). 

The adult female scale is about 3 mm. long, of a 
dark brown color, sometimes almost blackish, and shaped somewhat 
like an oyster shell. The male scale is much smaller, and with 
but one cast skin at the euiterior end. (8). 

The winter is passed in the egg under the scale • 
This egg hatches a week or two after the apples blossom, producing 
yellowish insects from which, in a day or two, white waxy f ilia- 
ments exude, which soon mat down to form the protecting scale, 
to which the cast skins are added when the insect molts. The 
female loses her legs, antennae and eyes after the first molt, 
and when full grcv;n is acn elongate, yellowish, jelly-like mass, 
being simply a ^reproductive scale **. They become full grown in 
about eight to ten weeks, when they lay from forty to one hundred 
eggs, and then die. In the north there is but one gener 

Digitizeclby ^ 
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year, but southward there is a partial or complete second genera- 

tion* When the males are full-grown, they emerge from the scales 

(which are bent upward like a hinge for the purpose (8) ), as twc- 

winged flies, fertilize the females, and die at cnce. (11). 

Aphididae* (Plant Lice)* 

The plauit lice belong to the Aphididae, the most abun- 
dant and destructive family of the suborder Homcptera* There are 
seven hundred and fifty species attacking as many or more differ- 
ent kinds of plants. Of these, four species commonly infest the 
apple in the United States: the wooly apple aphis (Sohizoneura 
Lanigera ^Fab. ) , the apple aphis ( Aphis mali . Fitch), the European 
grain aphis ( Siphocoryne avenae, Fab.) and the rosy apple aphis 
( Aphis malifoliae . Fitch). (7). 

Wooly Apple Aphis, Schizoneura leaiigera , Hausm. 

History and Distribution: 

There is a difference of opinion as to whether this 
species originated in America or Europe, but the weight cf evidence 
seems to indicate the former. It is now almost ubiquitous. It 
was first noticed in England in 1787 on stock imported from Amer- 
ica, was described in Germany by Hausmann in 18C1, but did not 
attract much attention in this country until 1850. It has been 
reported from all over the United states, from the northern tier 
of states to Louisiana and New Mexico, but seems most abundant in 
the latitude of the Chic Valley. (!)• 

Superficial Appearance: 

It appears on the trunk and limbs cf apple trees 
in clusters of individuals which are conspicuous on account of 

the wooly excretion with which the bodies are cov^]ipf^^3yV^^;/5?)f>t^si^^ 
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apparently oeases to s^ot^ at the point of attack, tut swells into 

a large ridge about the cluster of lice, leaving them in a shelter- 
ed pit. The lice also frequently congregate in the axils of the 
leaves, and the forks of the branches. This species resembles the 
Grape Phylloxera in having a root form ^hioh causes knotty swell- 
ings on the fibrous roots* (13). 
Life History: 

Throughout the year there may be found on the trees 
a somewhat oval-shaped aphid of a purplish, or redish-brown color. 
This is the "queen mother" which secretes the characteristic wool- 
ly material. She gives birth to living young (minute, louse-like 
forms nf a grayish-yellow color) which at first live beneath the 
wooly secretion close to the parent, but later creep away and pro- 
duce generations of young. In October or November, or earlier 
in the south, a resting stage is reached, and pupae, or nymphs 
appear, which give rise to winged forms, which are also females, 
ajid are the parents of a true sexed generation of minute, wingless 
lice, the females of which give birth to a single "winter egg" 
which is attached within a crevice of the bark, and hatches in 
the spring into a female aphid. (IC) . In most sections of the 
country this louse lives over winter regularly upon the trees and 
limbs, as well as on the roots of the trees. Upon the roots it 
lives in all stages of growth, but upon the top all the lice die, 
except the last brood born in the fall. These leave the place 
of their birth before molting, and apparently without feeding or 
growing, to hunt a hiding place that will give them protection 
for the winter. The hiding places are beneath the dead bodies 
of the partly or fully grown lice (which all die from cold), be- 
neath scales of the bark, or upon the crown or beneath the ba'^i^ 
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and loose dirt* The overwinter lice do net secrete any cottony 
covering until they begin to feed and grow the following spring. 
Thus, there may be four means of starting the summer infestation: 
First: By the individuals which have lived over winter 
on the paxts above ground and hidden in old 
wounds or scars. 
Second: By the early hatching of the stem mothers* 
Third: By the numerous immature lice 'vhich may hiber- 
nate at the base of the tree and near the sur- 
face of the ground. 
FbUrth: By the half -grown individuals which spend the 
winter on the roots and migrate upward in the 
spring. (8). 
Natural Enemies: 

Unlike most of the aphids, S,, lanigera is largely 
protected from attacks of insect enemies by the wooly excretions 
which surround it. Chief among its foes are several species of 
the Ladybird Beetles, and those of the Syrphidae, or hovering 
flies. (11). 

Prevention: 

The control should begin with a thorough inspection 
of the nursery stock, any clods of dirt hanging to tre roots 
should be washed off, and if lice are found either on the roots 
or top, the stock should be thoroughly sprayed with it or dipped 
Into Lime Sulphur (l-lO), or Black Leaf (l-SC). 
Control: 

On parts attacked above ground, any spray which 
will kill other lice will destroy this species alec. The spray 
must be applied with force enough to penetrate 0Bigma9fey(iSO®@lC 
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white waxy secretion. 

On parte attacked below ground, the sprays as used 

above ground will be efficient, but before they can be applied 

the infested roots rcust be exposed so that they can be made to 

reach the lice. According to C. P. Gillette of Colorado, the 

roots are not ordinarily infested more than six inches below the 

ground, or about two feet from the trees. (13), 

The Green Apple Aphis, Aphis mall, Fab. ( Aphis pomi ^ 

De Geer) . 

Importance: 

The green apple aphis is one of the best inown of 
the Aphididae. Its injury is much underestimated, for while it 
dOBB little apparent damage, it retaxds the growth, especially 
of young trees, very seriously. 

Superficial Appearance: 

The body is pear-shaped. The wingless females are 
light greenish, with black honey tubes and dusky antennae. The 
winged females, which are the migratory forms, are greenish in 
color, with the head and wing-bearinr portions of the body black. 
(12). 

Origin and Distribution: 

Aphis mali is of Europesji origin, and has only 
recently made its appearance in this country. Mr. Pergande having, 
first seen speciniens collected in the United States in 1897. How- 
ever, it is now distributed throughout the apple growing sections. 

(1). 

Life History: 

This species lives entirely upon the apple, pear 
and related plants, and does not migrate to grasses, weedJ^Q-^l^ 
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other vegetables as does the following species. The elongated 

«ggs (at first green, but later shiny black) are deposited in the 
fall by the sexual females upon young shoots of the trees and the 
water sprouts, the latter being the favorites. (13) (14). The 
eggs hatch the following spring into very small green lice which 
soon commence the attack on the newly opened leaves. After cast- 
ing their skin three times, they develope into stem mothers, and 
these, as well as all the following generations of the summer 
Months, are females which give birth to young. The leaves, owing 
to the punctures rrade by the insect, now curl up. The first gen- 
eration are all wingless, but later in the spring many winged lice 
appear, and these migrate to other trees where they staxt new 
colonies, mostly wingless. (12). During October euid November, 
the males and egg-laying females are produced, and the females 
lay the eggs which are to carry the insects through the winter. 
In New Jersey, Tr. Smith found seven of the agamic generations, 
followed by the. development of the sexual generation in the fall. 

Natural Enemies: 

The aphids have an unusual number of parasites. 
Species of ladybirds (Cocoinellidae) , a yellow banded species of 
the genus Syrphus of fre Syrphidae, several Hymenoptera, aphis 
'lions and other neuroptera much like the aphis lions, but belong- 
ing to the family Hemerobitdae, are among its insect enemies. 
In addition entire colonies may be destroyed by fungus diseases 
when weather conditions are favorable. 

Control: 

The best control is a lime sulphur spray used winter 
strength (1-10 or 1-13) just before the buds open in the spring. 
H. F. Wilson (Oregon, Cir. 13) reoOfHrends ^V^^Y^^J^^^Qi^^^^ 
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buds are turni^.^ green, in order to catch many of the newly 

hatched young* 'oersonal observation leads me to believe that 
many of the aphids will escape under this treatment, for a very 
short time after hatching, the youngsters are safely hidden in the 
budB TiThich are just growing green. It is wise to plan the time 
and strength of the application so that all the aphids, scale in- 
sects and rriany of the fungus diseases may be combated by the same 
spray • 

Summer Treatment: 

No definite time can be given for summer treatment. 
It is simply a matter of spraying whenever and wherever the aphids 
are causing damage* A summer dose must be applied with sufficient 
pressure to force the spray \inder the curled leaves. Owing to 
the difficulty of accomplishing this, the summer treatment is less 
satisfactory than the winter method. Lime sulphur (1-5), black 
leaf (1-60), or kerosene emulsion containing six to seven per cant, 
oil is efficient. 

European Grain Aphis, Siphoooryne avenae. Fab. 

History: 

Owing to the unus\ial life hist'^ry of this insect 
there has long buen much confusion concerning its name. Fitch 
considers it identical v/ith Aphis, mali . Two species, however, 
have been confused under this name, the present and the one just 
described, which fact was recognized by Mr. Pergande sind also by 
Dr. J, B, Smith. Professor E. D, Sanderson, in 19CS, described 
this insect as new, under the name of Aphis fTtchi, b\it Pergande 
has subsequently shown that the insect is identical with the Eu- 
ropeaji grain aphis (Aphis avena ^ Fab.), and considers that the 

species really belongs to the genus Siphoooryne ^^"^PaBaarinQ^^^?) . 
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Distribution: 

This speoies is very generally distributed through- 
out the United Stattes, and twenty- two plants upon which it has 
been observed are recorded, comprising apple, pear, quinoe, pliim, 
rye, oats, wheat and some grasses. 
Life History: 

The shiny, Jet-black, winter eggs are deposited in 
the fall around the buds of the more terminal shoots, at crotches 
of limbs, and in cracks emd under scales of the bark. The eggs 
are quite small, but may be readily detected with the unaided eye. 
These hatch in the spring, about the time the young leaves of the 
apple are pushing out, and the small greenish lice when full-grown 
soon begin the production of living young, most of which develop 
into the winged ageunic form which migrates to other trees and lo- 
calities whe^e new colonies are started, the progeny of the third 
generation also being wingless. In all, some five generations 
develop on the apple, but by early June, in the latitude of Wash- 
ington, the trees are free from them, and the aphlds have become 
established on the other host plajits. Upon the approach of fall, 
apple trees are again infested, the true females are soon produced, 
and the winged males come from the grasses upon which they have 
developed* Winter eggs are deposited during September, October 
and early November. (7). 

Rosy Apple Aphis, Aphis malifoliae ^ Fitch. 

The rosy apple aphis, regarded by Pergande as 
Aphis malifolia e^ Fitch, and determined by Sanderson as Aphis 
sorbin Kaltenbach, is readily distinguished from the preceding 
by its Isirger size, rounder body, and unusually rosy color, which, 
however, may vary from salmon to tan or even slaty gray ox^Tadk, 
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the body being covered with a whitish pulverulence • This species 

is generally distributed in the United States, and is common on 
the apple, but has been taken on pear. 
Life History: 

The life history is imperfectly known. Winter 
eggs are deposited in the autumn by sexual females, and more often 
on the trunk© and larger limbs than with the other species mention- 
ed. They hatch in the spring as the apple leaves are pushing 
out. Three generations from the egg are said to occur on the 
apple in the spring, many individuals of the second and third de- 
veloping wings and migrating to other host plants. After the 
third generation the apple is deserted by the insects \intil fall, 
when the return migrants appear to give rise to true sexual forms, 
the female depositing eggs as described. (7). 
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